Introduction
The American Cancer Society estimates that there will be about 234460 new cases of prostate cancer in the United States in 2006, and about 27350 men will die of this disease (1) . The initiation and progression of prostate cancer is a multistep process including several intermediate steps and may involve a complex series of both exogenous and endogenous factors (2) (3) (4) (5) . Although it is clear that clinical prostate cancer incidence and mortality vary greatly between populations, the frequency of latent prostate cancer is evenly distributed among populations, suggesting that external factors such as diet and other lifestyle factors are important in the transformation from latent into more aggressive, clinical cancer (4) (5) (6) . These specific features of prostate cancer, namely, high prevalence, long latency between lesions and clinically evident cancer, treatment related morbidity, significant mortality, and morbidity provide the most opportunistic and promising approach for evaluating agents for chemoprevention in men with early stage disease or those who are at high risk for prostate cancer to prevent disease progression and shifting the time of diagnosis to invasive disease.
Epidemiological and laboratory studies have demonstrated that several nutrients, including isoflavones, could induce apoptosis and suppress the formation and growth of human cancers including prostate cancer (7) (8) (9) (10) (11) (12) (13) (14) . Population studies have consistently reported lower incidence of clinically evident disease in populations consuming isoflavones. An inverse relationship between dietary intake, plasma (8) (9) (10) (11) (12) (13) , and prostatic fluid (14) concentrations of isoflavones and the incidence of prostate cancer and benign prostatic hyperplasia (BPH) has been observed in these populations, demonstrating the potential role of isoflavones in mediating epigenetic effects. In vitro data have consistently shown that genistein modulates cell proliferation, (15) (16) (17) (18) (19) , angiogenesis (20) (21) , tumor cell invasion and tumor metastasis (17, 22, 23) cell cycle regulation (26) , antioxidant (22, 25) , and induction of apoptotic cell death (26) , demonstrating that isoflavones have several cellular effects that are both genomic and nongenomic. Although the mechanism of action of isoflavones is not clear, it has been observed that steroid hormones play an important role in increasing or decreasing the risk of prostate cancer. Patients with prostate cancer have been observed to have higher free testosterone (unbound) levels and lower levels of sex hormone binding globulin (SHBG), estrone (8) , and estradiol (27) . Androgens are essential for the function and growth of the prostate and are known to stimulate the proliferation of human prostatic cells (28) (29) (30) . Administration of hormonal therapies has been shown to produce prostate cancer in rodents, whereas castration and estrogen therapy can reduce the risk of prostate cancer (27) (28) (29) (30) 32) . It is clear from recent studies that testosterone and estradiol are important contributors of androgenic and estrogenic activity (34) (35) (36) . Furthermore, SHBG, because it binds to and sequesters testosterone and estradiol, controls the bioavailability of these sex hormones to target cells as well as their mutual balance. This effect on the active estrogen/testosterone balance may be another potential autoregulatory mechanism for the protective effect of SHBG in prostate cancer (28) . Recent evidence suggests that SHBG can function as a hormone with a direct interaction with prostate cells (29) . Because the biological activity of testosterone is determined in part by the extent to which it is bound to plasma SHBG, the next logical step would be to look for ways to increase this binding protein levels and reduce serum testosterone levels to reduce the risk of prostate cancer and prevent progression of disease.
To our knowledge, although early pilot trials (33) (34) (35) have demonstrated the pharmacokinetics and safety of whole soy and purified isoflavones with single and multiple-dose administration in healthy, early stage, or treated cancer patient cohorts using varying doses of soy and other isoflavones formulations, to date, there have been no randomized, placebocontrolled clinical trials of purified isoflavones on steroid hormones in men with localized prostate cancer. In addition, although there may be multiple pathways by which isoflavones can impact prostate cancer progression, our central hypothesis is that the effect of supplementation with a constant dose of purified isoflavones (vs. a placebo) will produce a corresponding increase in plasma levels of isoflavones, resulting in changes in the serum steroid hormone levels, indicated by an increase in serum SHBG and estradiol and decrease in free testosterone, thereby potentially contributing to a decreased or stabilization of disease progression in men diagnosed with localized prostate cancer. To test this hypothesis, the specific aim of the Phase II randomized, double-blinded, placebo-controlled trial was to recruit and randomize men with early stage prostate cancer to receive purified isoflavones (Prevastein HC R 80mgs/day, IND #61,949 Kumar) vs a placebo and observe the effectiveness of the study agent in producing an increase in plasma levels of isoflavones (daidzein, glycitein, and genistein) and a corresponding decrease in steroid hormones such as free testosterone and increase in SHBG and total estradiol. In addition, our aim was to evaluate compliance to study agents and related toxicity.
Materials and Methods
The placebo-controlled, randomized, double-blinded clinical trials study was conducted in a cohort of men recruited from member institutions of the Moffitt Community Clinical Oncology Program (CCOP) Research Base, approved by the institutional review boards at these institutions. Men between the ages of 50 and 80, diagnosed with localized prostate cancer [Gleason Score 2-6; patients with a Gleason primary pattern 4; (4+1 or 4+2) were not eligible] based on pathological assessment from biopsy specimens with no prior or current therapy for prostate cancer or history of cancer except nonmelanoma skin cancer, were eligible. Patients who received neoadjuvant hormonal therapy, vegans, and/or soy users, as ascertained by baseline food records, were excluded from the study. Subjects with a known history of hepatic and/or renal disease, prostatitis, BPH, urinary tract infection, on antibiotics within 30 days of registration, or with a body mass index (BMI) greater than 32 kg/m2 were excluded from the study (Fig. 1 , Study Schema).
On determination of eligibility and the granting of informed consent, patients were registered using a telephonebased registration and randomization system (36) determined by a preset algorithm. These assignments were stratified by Gleason Score (2, 3 vs. 4, 5, and 6). To preserve the double blind, starter supplies of study agents were labeled with numeric codes by the CCOP Research Pharmacy, which housed and dispensed the coded supplements to the investigators. Subjects were assigned to 1 of 2 arms: the intervention arm will be provided supplementation with isoflavones in the form of Prevastein HC, which will deliver 80 mg (40 mg/dose to provide a consistent dose) biologically active isoflavones, and those in the control group will receive an identical placebo providing inert ingredients. Prevastein HC (Archer Daniels Midland Corporation, Decatur, IL) is a botanical test compound containing the glycoside forms of isoflavones (genistein, daidzein, glycerin) with a similar ratio as those found in soy foods. Each tablet contained 40% soy isoflavones in the aglycone form. To avoid possible confounding due to vitamin/mineral deficiencies and prevent the use of other nonstandardized supplements, which may contain isoflavones or other large doses of antioxidants, a standard formulation containing 100% U.S. recommended daily allowance for vitamins (Pan American Lab Company [Miami, FL] brand name PBA Multi Vitaformula) was provided by the investigators to subjects in both groups during the entire study period. The duration of the intervention was 12 wk, with scheduled follow-up at 4 wk and with the study ending at 12 weeks. Subjects provided baseline demographic, anthropometric, medical, and family history of cancer, alcohol, tobacco use, and nutritional history including nutritional supplement use. Subjects completed a weekly 2-day food record, verified by interview to ensure compliance to diet and instruction to avoid isoflavone-rich foods, and records were analyzed using the University of Minnesota Nutrition Data System Research version for analysis of nutrient composition at the Arizona Diet and Behavioral Assessment Center (www.azdiet-behavior.azcc.arizona.edu). Compliance to study agent was monitored by requiring subjects to complete a daily Study Agent Intake log and pill count in addition to analysis of plasma isoflavones (daidzein, glycitein, and genistein) at baseline, 4 wk, and 12 wk using highperformance liquid chromatography and extraction procedure developed by Craft Technologies, Inc. (Wilson, NC). Nonfasting blood samples were drawn for analysis of serum free testosterone, total estradiol, and SHBG at baseline and 12 wk. Safety was monitored by using a daily symptom log and measurement of safety markers at the baseline enrollment visit, 4 wk, and at 12 wk by analysis of a comprehensive metabolic panel (spectrophotometry, ion selective electrode hexokinase) and a complete blood count (electronic cell sizing sorting cytometry/microscopy) at LabCorp Diagnostic Laboratories in Tampa, Florida. In addition, to evaluate and ensure subject safety, any change in medical condition and use of concomitant medications were monitored throughout the study period. All safety and compliance data were collected at baseline, 4, and 12 wk. All adverse events (AEs) were reported on the Adverse Event Case Report Forms regardless of whether they were related to study drug. The severity of the events was determined using the National Cancer Institute Common Terminology Criteria (CTC) for Adverse Events version 2.0 (http://ctep.info.nih.gov). All AEs, including laboratory abnormalities that in the opinion of the study physicians are clinically significant, were followed according to good medical practices and documented. AEs were reported to the Moffitt CCOP Research Base Operations Center, the Food and Drug Administration.
Statistical Methods
At the conclusion of the intervention, a pooled t-test was used to compare the 2 group mean change of plasma isoflavone levels, nutrient intake, and serum steroid hormones; or if the equal variances between 2 groups did not meet, a Satterthwaite t-test was used. Paired t-tests were, in addition, used to compare posttreatment vs pretreatment changes for each group in intake of the nutrients and plasma isoflavone concentrations. Paired t-tests were justified in this case. Even if the data are only approximately normally distributed, the test is robust with respect to the normality assumption. These tests were 2-sided at 0.05 significance levels.
Although compliance was monitored, we employed "intent to treat principle" in all group comparisons. Subjects were analyzed according to the group into which they were randomized without regard to compliance or actual diet. Additional analyses, taking compliance into consideration, have been done to compare the plasma isoflavone level change of 2 groups at Weeks 4 and 12 by using t-test. The 2 groups were also compared for the mean change in all steroid hormone levels using the pooled t-test. A 95% confidence interval for the differences of these group means was formed. Finally, the correlation between treatment-associated change in plasma isoflavones and change in steroid hormones were analyzed using Spearman's correlation coefficient. Prior to unblinding, the incidence of toxicity was evaluated. All the analysis was implemented in SAS version 9.
Results
Of a total of 242 men with Grade I-2 prostate cancer screened for the study between 2003-2005, only 53 men met the eligibility criteria and were consecutively admitted to the study. Men who were otherwise eligible, although recommended for active surveillance, opted for the more aggressive and evolving treatment options such as cryosurgery or seed implants in place of active surveillance. A total of 50 men completed the intervention and were able to provide complete data pretreatment and posttreatment, including serum and plasma for analysis. Of the subjects, 3 dropped out of the study, including 1 from the placebo group and 2 from the isoflavone-treated group. Reasons for dropping out of the study included noncompliance to study agent (1 subject) and Grade I to II AEs that resulted in 2 subjects not willing to continue and dropping out of the study. Thus, a 94.3% subject retention rate was achieved in the subjects recruited. Initial comparison of baseline demographic variables such as age, race, anthropometrics measurements such as height, weight BMI, smoking history, family history of cancer, and personal history of BPH is displayed in Table 1 . Although no significant differences were observed in the 2 groups on these variables, notably, over 50% of prostate cancer patients in both groups were former or current smokers and had a mean BMI >25. An increased number of subjects in the placebo group (78.6%) reported current or history of alcohol consumption compared to the placebo group (56.00%; P = 0.08).
Subjects in both groups reported similar average intake of macronutrients and micronutrients at baseline (Table 2) . Although protein, fats, cholesterol, and percent fat intake increased slightly in the treatment group during the intervention, this was not reflected as significant changes in weight, as caloric intake remained stable. No significant changes in anthropometric variables such as weight and BMI were observed during the study period. Changes in plasma isoflavone levels (daidzein, glycitein, and genistein; Table 2 ) at baseline, 4, and 12 wk were analyzed. Significant increases in plasma daidzein (P < 0.0001), glycitein (P < 0.0001), and genistein (P < 0.0001) were observed from baseline to 4 wk in the treatment group compared to the placebo group. Similarly, significant increases in plasma daidzein (P < 0.0001), glycitein (P = 0.01), and genistein (P < 0.0001) were observed from baseline to 12 wk in the treatment group compared to the placebo group. Compared to plasma isoflavones daidzein and genistein, changes in plasma glycitein were observed to be much lower, although significantly higher in the isoflavone-treated group compared to the placebo.
The baseline and final concentrations of serum free testosterone, SHBG, and total estradiol for the 2 groups are displayed in Table 3 . Although greater mean reduction of serum-free testosterone was observed in subjects in the isoflavone-treated group compared to the placebo group, these changes between the 2 groups were not statistically significant for this duration of intervention (P = 0.3). We failed to observe an increase in serum SHBG levels in the treatment group, as hypothesized. Total estradiol decreased in both groups.
Related and unrelated or potentially related gastrointestinal, metabolic, and constitutional categories of AEs were all Grades I to II events and were similar in the 2 groups and did not produce clinical toxicity, thus not requiring early stopping or discontinuation of the study agent. Previous clinical trials in men with prostate cancer have reported relatively minor side effects of chronic isoflavone treatment including symptoms related to estrogenic effects such as breast changes, lowered libido, and increased frequency of hot flashes (2) . Unlike earlier reports, no symptoms related to estrogenic effects at this dose and period of intervention were observed.
Discussion
In this Phase II trial, evaluation of the effectiveness of intervention was based on the magnitude of change in plasma levels of isoflavones in the isoflavone-supplemented group compared to the placebo group and a corresponding modulation in steroid hormonal levels implicated in prostate cancer that could be achieved. The increased plasma isoflavone levels in subjects given the isoflavone preparation is an important finding, as there have been several reports of significant variation in absorption of isoflavones in the literature and thus bioavailability (37) (38) (39) (40) . Based on these controversial reports, we paid special attention to dose, multidose regimen to provide a consistent dose per day and the aglycone formulation of the purified isoflavones in this study. In addition, compliance to multidose regimens and formulations of isoflavones has been an issue in other clinical trials.
We were able to demonstrate that compliance could be achieved as indicated by a significant increase in plasma diadzein, glycitein, and genistein that was achieved in the isoflavonetreated group throughout the treatment period compared to men in the placebo arm. These observations have implications, in addition, in planning future long-term chemoprevention trials with this agent and in this patient population. In addition, we observed a greater increase in plasma isoflavones at 4 wk relative to the increase observed at 12 wk. This trend may be attributed to a potential stabilization of serum levels of isoflavones or to declining compliance in subject intake of agent with time, although reported compliance measures based on daily agent intake logs and pill counts indicated continued compliance. Future clinical trials of longer duration of intervention in a larger, well-powered sample size may be needed to elucidate the etiology of this observation. Similar to earlier pilot trials in other prostate cancer patient cohorts, increase in serum levels of isoflavones failed to produce a corresponding, significant modulation of steroid hormone levels in men with localized prostate cancer. This may be attributed to the fact that these, similar to our study, were pilot studies with an intervention of short duration in a disease of significantly long latency. In addition, several potential chemopreventive agents have multiple chemoprevention-associated activities. Some of these activities may be interrelated. Also, a single activity, even if it is the agent's predominant pharmacological activity, may not be the most important or the only one effecting chemoprevention. In addition to hormonal effects, purified isoflavones have been shown to have several cellular effects. We have previously reported that purified isoflavone genistein induces apoptosis and inhibits growth in both androgen-sensitive and androgenindependent prostate cancer cells in vitro (15) . Based on these observations, it is clear that there may be multiple pathways contributing to the prostate cancer prevention effects of purified isoflavones. Future clinical trials must address fundamental molecular pathways of isoflavones including those substrates of apoptosis, angiogenesis, and proliferation that have emerged in prior in vitro studies, in addition to changes in steroid hormone levels, that may contribute to the stabilization or inhibiting the progression of prostate cancer.
